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[TITLE OF THE INVENTION] 



[NAME OF DOCUMENT] Specification 



Carbon Fiber Woven Fabric an< 




Process 



Thereof 
[SCOPE OF CLAIM FOR PATENT] 

[Claim 1] A carbon fiber woven fabric having a 
volume resistivity of less than 0.2 Q«cm, a gas 
permeability of 1,500 ml/cmVhr/mmAq or more and a 
thickness of from 0.05 to 0.3 mm, wherein the carbon fiber 
oriented component in the thickness direction accounts for 
1/3 (one third) or more of all carbon fibers. 

[Claim 2] A process for producing the carbon fiber 
woven fabric described in claim 1, comprising calcining a 
woven fabric comprising a cellulosic fiber at 2,200 to 
3,000°C in a non-oxidizing atmosphere. 
[DETAILED DESCRIPTION OF THE INVENTION] 



[Technical Field to Which the Invention Belongs] 
The present invention relates to a porous carbon sheet 
having a small thickness, which has excellent properties in 
the chemical resistance, electric conductivity, heat 
conductivity, gas permeability, handleability and the like 
and in which the in-plane gas permeability is uniform, more 
specifically, the present invention relates to a carbon 
fiber woven fabric useful as a porous carbon sheet for gas 
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diffusion of a solid polymer-type fuel battery. 
[0002] 

[Background Art] 

In recent years, from the issue of environmental 
pollution by the exhaust gas of internal combustion engine 
of cars, an electric vehicle (EV) has been developed and 
for this, it is an essential matter to develop a fuel 
battery as a fuel source of EV. Thus, a higher performance 
and more compact fuel battery is being demanded. 

The fuel battery includes various types of fuel 
batteries depending on the kind of the electrolytic 
solution used, such as alkali type, phosphoric acid type, 
carbonate type, solid electrolyte type and solid polymer 
type. Among these, the solid polymer-type fuel battery is 
being watched as a power source of EV and the like because 
it can work at a low temperature, is easy to handle and has 
a high output density. 

As shown in Fig. 1, in the solid polymer-type fuel 
battery, an ion exchange membrane holding an appropriate 
water content and an electrically conducting porous 
diffusion sheet for allowing water or gas generated at the 
reaction of the battery to permeate are important. As the 
diffusion sheet, a sheet of porous carbon (hereinafter 
referred to as a "porous carbon sheet") is usually used. 

The porous carbon sheet for gas diffusion used in the 
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solid polymer-type fuel battery is required to have 
properties such that the thickness is small, the gas 
permeability is high, the gas permeability within the sheet 
plane is uniform, the sheet is a porous sheet comprising 
open pores, the heat or electric conductivity is excellent, 
the volume resistivity in the thickness direction is low, 
and the handleability is good by having a strength large 
enough to facilitate the installing into an electrode cell, 
[0003] 

As the porous carbon sheet for gas diffusion used in a 
fuel battery heretofore known, JP-A-3-285873 (the term "JP- 
A" as used herein means an "unexamined published Japanese 
patent application") discloses a carbon sheet produced by 
impregnating a carbon fiber with a thermoplastic resin as a 
binder and calcination carbonizing it, which is used as a 
porous electrode sheet for a fuel battery, having a large 
number of pores in the direction intersecting the sheet 
plane or a porous carbon sheet for a fuel battery, improved 
in the air permeability, heat conductivity, compressive 
strength and the like. 

Furthermore, as described, for example, in JP-B-2- 
58369 (the term "JP-B" as used herein means an "examined 
Japanese patent publication"), JP-B-2-2 3505 and JP-A-115970, 
the paper making process from organic fiber or cellulose is 
a most inexpensive production method for obtaining the 
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carbon sheet: and this has been tested in some cases. 

However, these techniques are disadvantageous in that 
the mass production is not available because impregnation 
with a thermoplastic resin and a calcination carbonization 
treatment at a high temperature are necessary. 

Particularly, with the proceeding of development of 
electric vehicles or the like in recent years, the solid 
polymer-type fuel battery used therein is demanded to be 
more inexpensive and have higher performance and to this 
purpose, it is an essential matter that the porous carbon 
sheet for a gas diffusion layer is also more inexpensive 
and has higher performance. Furthermore, in order to 
realize reduction in the size or weight, a sheet having a 
thickness smaller than conventional sheets, in a fraction 
of mm or less is being demanded. 

[0004] 

[Problems to be Solved by the Invention] 
The porous carbon sheet produced by the paper making 
process disclosed in the above-described publications has 
the following fundamental problems. 

1) Since an organic fiber is milled into a sheet, 
the fibers are bent in the rolling process, that is, the 
fibers are aligned toward the direction parallel to the 
layer and therefore, the heat or electric conductivity in 
the layer-intersecting direction is low. Accordingly, an 
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electrically conducting carbon powder or the like must be 
blended at the milling to increase the electric 
conductivity but this causes problems, for example, reduces 
the mechanical strength or gas permeability. 

2) Since the sheet formed passes through the step of 
impregnating it with a resin solution, the porous carbon 
sheet allows closed pores not in a small number to be 
present therein, as a result , a high gas permeability 
cannot be attained, 

3) If a product having a small thickness is to be 
produced, the sheet milled as the original must be reduced 
in the thickness. This causes difficulties in the 
production by the paper making process and it becomes very 
difficult to maintain the in-plane uniformity of the sheet 
milled. As a result, the in-plane gas permeability becomes 
non-uniform. 

4 ) The porous carbon sheet obtained by impregnating 
the sheet milled with a resin and heat-treating it, has 
little elasticity and is solid and fragile, therefore, the 
handleability in the working of assembling a battery is bad. 

For solving these problems, conventional paper making 
processes are deficient and a new production process is 
demanded. 
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[0005] 

[Means to Solve the Problems) 

Under these circumstances, the present inventors have 
made extensive investigations and found that when a woven 
fabric comprising a cellulosic fiber is carbonization 
calcined as it is at from 2,200 to 3,000°C in a non- 
oxidizing atmosphere, a carbon fiber woven fabric having a 
thickness of from 0.05 to 0*3 mm, an electric resistivity 
of less than 0.2 Q*cm and a gas permeability of 1,500 
ml/cm 2 /hr/mmAq or more can be obtained. In this carbon 
fiber woven fabric, the carbon fiber oriented component in 
the thickness direction accounts for 1/3 or more of all 
carbon fibers. Therefore, the fabric is suitably used as a 
porous carbon sheet for gas diffusion and the porous sheet 
using the fabric can be used in a fuel battery. 

[0006] 

[Mode for Carrying Out the Invention] 

The present invention is described in detail below. 
The carbon fiber woven fabric is produced by carbonization 
calcining fibers comprising a cellulosic fiber. The 
original fiber yarn itself is soft and has a free 
directivity, therefore, the fibers are not bent as compared 
with a carbon fiber woven fabric obtained by weaving rigid 
carbon fibers. Furthermore, the orientation degree in the 
layer-intersecting direction is by far large as compared 
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with the fibers constituting the porous carbon sh et 
obtained by the above-described paper making process. In 
the present invention, the carbon fiber oriented component 
in the thickness direction accounts for 1/3 or more of all 
carbon fibers. With respect to the carbon fiber oriented 
component, the orientation system on the fine network plane 
and from the degree of the orientation, the orientation can 
be estimated by the observation through SEM. If the carbon 
fiber oriented component in the thickness direction is less 
than 1/3 of all carbon fibers, the heat conductivity and 
the electric conductivity in the layer-intersecting 
direction are deficient and the carbon sheet for gas 
diffusion used in the solid polymer-type fuel battery 
cannot have desired physical properties. 

Thus, the carbon fiber woven fabric of the present 
invention is favored with excellent heat conductivity and 
electric conductivity in the layer-intersecting direction. 

Furthermore, the carbon fiber woven fabric of the 
present invention is produced without passing through the 
step of immersing it in a resin solution, accordingly, 
pores of the fiber itself are not closed and the open pore 
ratio increases. At the same time, the heat melting or 
curing is dispensed with and the starting material is a 
cellulosic fiber which does not melt but carbonizes in the 
solid phase, therefore, the fibers are prevented from 



adhering to each other and need not be compressed by a roll 
or the like and the fiber orientation mode of the green 
fabric before the calcination is reflected as it is in the 
carbon fiber woven fabric as a product. In addition, the 
final sheet can have excellent strength and good 
handleability . 

Also, the carbon fiber woven fabric of the present 
invention is not impregnated with resin, carbon powder or 
the like as required in the paper making process, therefore, 
is suitable for producing a sheet having a small thickness. 

The carbon fiber woven fabric of the present invention 
has a low carbonization ratio and accordingly, a great 
shrinkage occurs during the carbonization calcining. 
Therefore, a cellulosic fiber having a thickness larger 
than the thickness required must be used as a starting 
material and the shrinkage ratio is necessary to be 
examined in advance by a test. 

The starting material for use in the present invention 
is a woven fabric, therefore, the number of pores in the 
plane and the in-plane uniformity necessary for the gas 
permeation can be controlled by the weaving method . 
Considering the large distribution in the in-plane density 
of a paper obtained by the paper making process, since the 
uniformity of commercially available fabrics is reflected 
on the gas permeability in the plane after the calcination. 



- 8 - 



the woven fabric of the present invention is naturally 
favored with excellent uniformity. 

The woven fabric comprising a cellulosic fiber as a 
starting material according to the present invention may be 
a cloth of natural cellulose fiber such as cotton and hemp, 
or a cloth of artificial cellulose fiber such as viscose 
silk and acetate silk. 

The weaving may be performed by various weaving 
methods such as plain weaving and twill weaving and among 
these, in view of the in-plane uniformity, plain weaving is 
_u preferred because warp and weft yarns are the same in the 

CO size. However, the woven fabric is not particularly 

f !j 

tn limited and commercially available woven fabrics can be 

s freely used. 

In the present invention, the cellulosic fiber woven 

Ij fabric is calcined at from 2,200 to 3,000°C. The lower the 

% 'i calcination temperature, the higher the permeability. 

However, if the calcination temperature is less than 
2,200°C, the carbonization insufficiently proceeds and a 
sufficiently low resistivity cannot be obtained, whereas if 
it exceeds 3,000°C, the starting material fiber burns. 

The calcination must be performed in a non-oxidizing 
atmosphere such as argon gas and nitrogen gas . 
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[0017] 
[Examples] 

The present invention is described in greater detail 
below by referring to the Examples. 

A commercially available plain weave cotton cloth 
having a thickness of 0.3 mm (yarn size: 0.2 mm) was used 
as a green sample for the test. 

The green sample was cut into a 400 mm square, 
interposed between graphite plates, and carbonization 
calcined in an electric furnace at 900°C over 1 week in an 
argon gas atmosphere. 

The carbonized sheet had a thickness of 0*20 mm, a 
size of 330 mm square and good appearance, where the shape 
of the plain weave cotton cloth as the green sample 
remained . 

This carbonized sheet was interposed between graphite 
plates and graphitized by burning it at a temperature shown 
in Table 1 over 1 day in an argon gas atmosphere. 

The graphitized sheet had a thickness of from 0*15 to 
0.16 mm, a size of from 320 to 322 mm square and good 
appearance, where the shape of the green sample similarly 
remained. Each of these carbon fiber woven fabrics having 
a size of about 320 mm square was equally divided into 25 
pieces and various physical properties were measured. 

The pore size and porosity were measured by a mercury 
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press fitting method and the volume resistivity is measured 
by a dc four probe method and shows a value measured in the 
direction parallel to the layer. The gas permeability was 
calculated from the differential pressure obtained when an 
air was permeated through a 50-cm 2 sheet at a rate of 3,000 
ml/min, according to the following formula: 
gas permeability = 

3,000 (ml/min)/60 (min)/50 (cm 2 )/ differential 
pressure (mmAq) 

The measured values of various physical properties of 
25 samples are shown in Table 2. 

As a reference, the values in the case of sheet 
produced by a conventional paper making process disclosed 
in JP-B-58369 are also shown in Table 2. 

The compressive strength of the sheets obtained in 
Examples was from 40 to 50 Kgf/cm 2 and this was large 
enough for the use as a carbon sheet. 



[0008] 
[Table 1] 

Temperature Condition in Graphitization 





Graphitization °C 


Example 1 


2300 


Example 2 


2200 


Example 3 


2400 


Example 4 


2600 


Comparative Example 1 


1000 



[Table 2] 

Various Measured Values (the values shown by a range 
indicate maximum and minimum of 25 samples) 





Bulk 

Density 
g/cm 3 


Pore 
Size 
Jim 


Porosity 
% 


Volume 
Resistivity 
Q«cm 


Gas Perme- 
ability 
ml/cm 2 /hr/ 
mmAq 


Example 1 


0.32-0.31 


65-60 


79-76 


0.12-0.11 


1760-1630 


2 


0.30-0.30 


62-59 


77-75 


0.11-0.11 


1660-1630 


3 


0.29-0.28 


60-58 


75-74 


0.10-0.10 


1650-1600 


4 


0.28-0.28 


59-58 


74-73 


0.09-0.09 


1620-1580 


Comparative 


0.30-0.31 


37-35 


55 


0.17-0.16 


3600-3400 


Example 1 












Reference 












Value 












1 


0.27 


36 


69 


0.14 




2 


0.27 


58 


59 


0.16 




3 


0.29 


62 


59 


0.17 
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[0009] 

[Effects of the Invention] 

According to the present invention, a carbon fiber 
woven fabric having excellent performance as a porous 
carbon sheet for gas diffusion used in a fuel battery can 
be obtained using only an inexpensive commercially 
available cellulose fiber woven fabric as a starting 
material and only by a step of calcination without passing 
through a complicated step such as paper making, 

^ impregnation with resin and calcining. 

M [BRIEF DESCRIPTION OF DRAWING] 

M [Fig. 1] 

IH Fig. 1 is a cross-sectional view showing the 

B fundamental structure of a solid polymer-type fuel battery 

using the porous sheet of the present invention. 
(Description of Numerical References] 
% 1 separator sheet with grooves 

2 porous anode gas diffusion sheet 

3 anode catalyst layer 

4 ion exchange membrane 

5 cathode catalyst layer 

6 porous cathode diffusion sheet 



- 13 - 



[NAME OF THE DOCUMENT] Abstract 
[SUMMARY] 

[PROBLEM TO BE SOLVED] 

To produce a carbon fiber woven fabric having a small 
thickness for use as a porous carbon sheet for gas 
diffusion or the like of a solid polymer-type fuel battery, 
using an inexpensive starting material through a simple 
process . 

[MEANS TO SOLVE THE PROBLEM] 

By calcining a cellulosic fiber woven fabric at from 
2,200 to 3,000°C in a non-oxidizing atmosphere, a carbon 
fiber woven fabric having a volume resistivity of less than 
0.2 Q»cm, a gas permeability of 1,500 ml/cm 2 /hr/mmAq or 
more and a thickness of from 0.05 to 0.3 mm can be obtained, 
wherein the carbon fiber oriented component in the 
thickness direction accounts for 1/3 (one third) or more of 
all carbon fibers. 
[SELECTED DRAWING] None. 
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